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DATA TRANSMISSION SYSTEM AND DATA
TRANSMISSION METHOD

TECHNICAL FIELD

The present invention relates to a data transmission system
and a data transmission method.

Priority 1s claimed on Japanese Patent Application No.
2005-257844, filed Sep. 6, 2005, and on Japanese Patent
Application Nos. 2005-308965 and 2005-308966, filed Oct.

24, 2003, the contents of which are incorporated herein by
reference.

TECHNICAL BACKGROUND

In recent years, 1n radio communications systems, achiev-
ing a higher frequency utilization efficiency has become a
significant problem. One means of solving this problem 1s by
using error correcting code, which has excellent correction
capabilities, and multilevel modulation. For example, in an
existing cellular system such as the cdma 2000 HRPD (High
Rate Packet Data) system disclosed 1n Non-patent document
1, an improvement 1n frequency utilization efficiency 1is
achieved by turbo coding the information bits and using mul-
tilevel modulation such as 16 QAM (Quadrature Amplitude
Modulation).

Moreover, 1n Non-patent document 2, low-density parity
check codes are disclosed as codes that have even greater
correction capabilities than turbo coding. Low-density parity
check codes are divided into regular codes 1n which the
welghting distribution of the check matrix 1s uniform, and
irregular codes in which the weighting distribution varies. Itis
generally considered that irregular codes have greater correc-
tion capabilities. For example, in Non-patent document 3,
irregular low-density parity check codes that are suitable for
puncturing are disclosed. The irregular low-density parity
check codes 1n Non-patent document 3 are binary low-density
parity check codes designed as a finite field having an order of
2, and are characterized by the fact that any of the information
bit column weightings are larger than a parity bit column
weilghting. Moreover, 1n Non-patent document 4, a construc-
tion method for binary low-density parity check codes suit-
able for 16QQAM 1s disclosed as a code construction method
suitable for multilevel modulation transmission technology.
Moreover, in Non-patent document 5, multilevel modulation
technology 1s disclosed as a coding modulation system which
1s a combination of error correcting code and multilevel
modulation, and which is representative of a coding modula-
tion system in low-density parity check codes, and which
employs binary low-density parity check codes that are
designed such that the order 1s a finite field larger than 2.

Moreover, 1n Non-patent document 6, demodulation tech-
nology which 1s based on turbo coding known as ‘twin turbo
decoding’ has been proposed as a demodulation method for
improving the correction capability of turbo code. FIG. 29 1s
a block diagram showing the structure of a twin turbo decoder
201. Here, 1n a known turbo coder, an information bit vector
1s taken as X , a parity bit vector created by an element coder
1 1s taken as X, , and a parity bit vector created by an element
coder 2 1s taken as X_. In a typical turbo decoder, efficient
MAP (Maximum A-Posterior1 Probability) decoding 1is
achieved by providing a stochastic propagation feedback loop
in which two element decoders are interlinked by a bit inter-
leaver, and a-posteriori values of the bits that have been
updated 1n each element decoder are fed back as a-prion
values of the other element decoder. In contrast, 1n the twin
turbo decoder 201, by providing a stochastic coupling feed-
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back loop (1.e., 1n FIG. 29 the path by which a-posteriori
values (X , X ) after being output from the element decoder
2 211 are mput via the turbo deinterleaver 213 into a
demodulator 1_210, and the path by which a-posteriori values
(X _, X,) after being output from the element decoder 1_211
are mput into a demodulator 2_210) 1n addition to the sto-

chastic propagation feedback loop thereof (i.e., the path 1n
FIG. 29 by which an exterior value (X ) after being output

from an element decoder 2_211 1s mput as an a-priori value
(X ) 1nto an element decoder 1_211 via a turbo deinterleaver
213), the likelihood coupling probability of each bit making
up the multilevel modulation symbol 1s calculated, thereby
improving the error correction capability of the turbo code.

For example, 1n 4 ASK (Amplitude Shift Keying) modula-
tion, 1f a relationship 1s obtained for a distance between a
transmission signal point and a reception signal point shown
in FIG. 30, then the communication path value update pro-
cessing 1n the demodulators 1_210 and 2_210 shown 1n FIG.
29 can be expressed by Formulas (1) and (2).

|Formula 1]

L(0(0)) = miniyo,e — (=26(1) + 1)L,(6(1)) /2, yop - (1)
(=26(1) + DL, (b(1))/2} -
mimyo, — (—=26(1) + 1)Lp(b(1))/ 2, yo, —
(=26(1) + DL,(b(1))/2}

= mimyoc + Lp(b(1)) /2, yop — Lp(b(1)) /2} -

min{yog + L, (0(1)) /2, yo, — Lp(b(1)) /2]
|Formula 2]

Lc(D(1)) = miniyde — (=20(0) + 1)L (6(0)) /2, yo g —
(=26(0) + 1)Ly (6(0)) / 2} — minyyop, —
(=26(0)+ 1)L, (b(0)) /2, yo, —
(=26(0) + DL, (6(0)) / 2}
=miniyoc + L (0(0)) /2, yop — L (0(U)) [ 2} -
mimydp + Ly (6(0)) /2, y0, — Lp(6(0)) /2}

(2)

Wherein L _(b(0)) and L _(b(1)) represent communication
path values of bits b (0) and b (1), L,(b(0)) and L (b(1))
represent a-prior1 values of bits b (0) and b (1), and v repre-
sents a signal-to-noise power ratio.

The communication path value of the bitb (0) 1s updated by
the a-posteriori value of its pair bit (b) 1. The communication
path value of the other bit b (1) 1s updated by the a-posteriori
value of 1ts pair bit (b) 0.

Moreover, according to Non-patent document 7, it has
been reported that 1n multilevel modulation the error rate
varies depending on bit position of the modulation symbols.

Moreover, in new-generation mobile communication sys-
tems, 1t has been observed that multi-carrier transmission
systems are becoming prevalent over single carrier transmis-
s1on systems. Representative multi-carrier transmission sys-
tems 1nclude OFDM (Orthogonal Frequency Division Mul-
tiplexing) systems and MC-CDMA (Multi-carnier-Code
Division Multiple Access) systems. According to an MC-
DCMA system, by spreading modulation symbols over a
plurality of sub-carriers, multiplexing them, and then trans-
mitting them, a frequency diversity eflect 1s obtained. In
addition to this, inter-cell interference can be uniformized.
However, 1t 1s known that, because inter-code interference 1s
generated 1n the frequency selective transmission path, there
1s a deterioration in the signal-to-noise and signal-to-interfer-
ence-energy ratios after back-diffusion (for example, see
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Non-patent document 8). Therefore, investigations are being,
made into demodulation methods that estimate a maximum
likelihood without any back-diffusion. Using as an example a
forward link that performs time division multiplexing on a
pilot signal and a data signal and then transmits these, a
description 1s given below of an MC-CDMA system that
estimates a maximum likelihood without performing back-
diffusion.

FIG. 31 1s a block diagram showing the structure of an
MC-CDMA data transmission system that estimates a maxi-
mum likelithood without performing back-diffusion. Here, in
order to simplily the explanation, 1t 1s assumed that all the
information bits are transmitted using a single MC-CDMA
symbol. Firstly, in a transmitter 10004, a modulator 1040
modulates information bits so as to obtain an n_-th modula-
tion symbol M., (n_ ). Next, for the diffusion, the modulation
symbol Mt (Nm) 1s allocated to an 1 ~th frequency band that
has a bandwidth equivalent to the bandwidth occupied by the
diffusion code, and 1s converted 1nto a parallel signal by a
serial/parallel converter 1050. Next, the modulation symbol
that has been allocated to the 1 -th frequency band 1s diffused
by a different diffusion symbol for each modulation symbol
by a diffuser 1060, and 1s multiplexed to become a data
sub-carrier. The modulation symbols have the relationship
shown 1in Formula (3).

|Formula 3]

M (ig, ) = M, ((ty — nymodM,,) / M., nmodM,,) (3)
O<n, <M, /NN, -1
=M.(n, ) O0=<hn, <M, -1
O<izg<Ng/N,—-1

wherein M (i A ) is the ii_-th modulation symbol that has
been allocated to the 1 th frequency band, N, 1s the diffusiv-
ity, M 1s the number of code-multiplexing, and N ,1s the data
sub-carrier number.

As a result, Formula (4) 1s obtained.

|Formula 4]
A h | Mwsl h (4)
Dilig, ka) = N é M ((ig, Fim)Cyp(Pims Ko )

wherein f)ﬁ(i .k ) is the k ~th sub-carrier of the i -th fre-
quency band, and ¢ (A, k) is the diffusion code of the fi_-th
modulation symbol. In addition, 0=k =N -1.

Generally, 1n an MC-CDMA system, orthogonal code such
as Walsh’s code or the like 1s used as the diffusion code, and

the orthogonal code has characteristics such as those shown in
Formulas (35) and (6) below.

|Formula 5]

(3)

cwim, k)=1or —1
|Formula 6]

(6)

form=n

0 form+n
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As a result, the correlation values between the same codes
form the serial length thereof, and the correlation values
between different codes becomes [0].

Next, the data sub-carrier 1s converted into a signal of a
time domain by inverse Fourier transform performed by an
inverse Fourier transformer 1070, and 1s then converted 1nto a
serial signal by a parallel/serial converter 1080. A cyclic
prefix 1s then inserted by a cyclic prefix inserter 1090, and 1t
1s then further time multiplexed with a pilot signal by a time
multiplexer 1100, and 1s transmitted from the transmuitter
1000a.

After signals transmitted from the transmitter 1000q have
been atfected by the frequency selectivity of a frequency
selective transmission path 3010, and have also been affected
by noise from an additive white Gaussian noise transmission
path 3020, they are received by a receiver 2000q. In the
receiver 2000a, the received signal 1s separated 1nto the pilot
signal and data signal by a time division demultiplexer 2010,
and the cyclic prefixes are removed therefrom respectively by
cyclic prefix removers 2020 and 2090. Next, the signals are
converted into parallel signals by serial/parallel converters
2030 and 2100, and are then converted respectively into a data
sub-carrier and a pilot sub-carrier by Fourier transform per-
tormed by Fourier transtormers 2040 and 2110. Transmission
path variations are then estimated from the pilot sub-carrier
by a transmission path estimator 2120, and equalization (1.¢.,
phase rotation compensation) of the data sub-carrier 1s per-
formed by an equalizer 2050. The equalized data sub-carrier
1s expressed by Formula (7).

|[Formula 7]

(7)

~ wherein f);,,,(i .k ) is the reception data sub-carrier, f)e i1
k ) 1s the data sub-carrier after equalization, and H,_(1,,.k ;) 18
the transmission path estimation value. In addition, H(1 .k /) 1s
the frequency selectivity from the frequency selective trans-
mission path 3010, N, 1s the noise power density from the
additive white Gaussian noise transmission path 3020, and *
shows a complex conjugate.

Next, the equalized data sub-carrier 1s converted into a
serial signal by a parallel/serial converter 2060, and 1s then
converted into a maximum likelithood estimation symbol by a
maximum likelihood estimation symbol creator 2070. For
example, when the diffusivity 1s 2, the symbol for maximum
likelihood estimation 1s shown by Formula (8).

|Formula 8]

Il"' Fat

M i (i 27) = I Doy (igy 20)] + [ DGy, 280 + 1) (8)

| Mppuliz, 2R+ 1) = Re| Degyliy, 2)| + jRe|Degiliy, 27 + 1)

wherein M (i .0 ) is the fi_-th symbol for maximum
likelihood estimation. In addition, 0=n_,=N -1 and
0=n_,=N /2-1.

Next, a demodulator 20804 obtains a reception modulation
symbol M (n_) using Formula (9).

[Formula 9]

Mr(nm): ﬂrmf(ﬁmﬁfde):Mr(id:ﬁmf) (9)
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The processing to create the symbol for maximum likeli-
hood estimation when the diffusivity 1s 2 1s shown 1n FI1G. 32.

Moreover, according to Non-patent document 4, 1t has
been reported that 1n multilevel modulation the error rate
differs depending on the bit position of the modulation sym-

bol.

[Non-patent document 1] 3GPP2, C.S0024 Version 4.0,
“cdma2000 High Rate Packet Data Air Interface Specifi-
cation,” October 2002.

| Non-patent document 2| Tadash1 Wadayama, “Low Density
Parity Check Codes and Decoding Method For These”,
Shingaku Giho, MR2001-83, December 2001.

[ Non-patent document 3] Jin Jeon and Toshinori Suzuki, “A
Proposal of Rate-Compatible Low-Density Parity-Check
Code for Land Mobile Radio”, Shingaku Giho, IT200351-5,
May. 20053.

[ Non-patent document 4] Shigeru Uchida, Wataru Matsu-
moto, Akira Otsuka, and Keishi Murakami, Shingaku
Tsuso, “Examination of LDPC Code Construction Meth-
ods Suitable for Multilevel Modulation”, B-3-59, Septem-
ber, 2004,

[Non-patent document 5] M. C. Davey and D. MacKay,
“Low-Density Parity Check Codes over GF(q),” IEEE
Comun. Lett., Vol. 2, No. 6, pp. 165-167, June 1998.

| Non-patent document 6] T. Suzuki, N. Miyazaki, Y.
Hatakawa, “A Proposal of Twin Turbo Detector and Its
Evaluation for M-QAM OFDM,” Shingaku Tsuso, B-5-6,
September 2003.

[ Non-patent document 7] N. Miyazaki, C. Zheng, T. Suzuki,
and H. Shinonaga, “A Study on Symbol and Sub-Carrier
Mapping Techniques for MC-CDMA based on LDPC
Code with Progressively Increased Column-Weight,” Proc.
PIMRC 2005, B0O1-4, September 2005.

[Non-patent document 8] N. Miyazaki and T. Suzuki, “A
Study on Forward Link Capacity in MC-CDMA Cellular
System with MMSEC Recerver,” IEICE Trans. Commun.,
Vol. E88-B, No. 2, pp. 585-593, February 2005.

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention

However, 1n the above described conventional technology,
the bit error rate reduction effect 1s not considered satisiac-
tory, and the realizing of more reliable communication 1s
desired.

Moreover, because the degree of importance of the coded
bits varies depending on the encoding and decoding method,
it 1s thought that the optimum bit mapping method varies
depending on the encoding and decoding method. Because of
this, 1n a data transmission system that uses turbo code, 1n a
case 1n which twin turbo coding 1s applied, a bit mapping
method for amultilevel modulation symbol that 1s suitable for
twin turbo decoding 1s desired 1n order to reduce bit errors and
achieve highly reliable communication.

Moreover, 1n a multi-carrier code division multiplexing
transmission system that uses turbo coding, 1n a case in which
twin turbo decoding 1s applied and maximum likelithood 1s
estimated without performing back-diffusion, a bit mapping
method for amultilevel modulation symbol that 1s suitable for
twin turbo decoding and when maximum likelihood 1s esti-
mated without performing back-diflusion 1s desired 1n order
to reduce bit errors and achieve highly reliable communica-
tion.

In view of the above described circumstances, it 1S an
object of the present invention to provide a data transmission
system and a data transmission method that provide an
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6

increased bit error rate reduction effect and contribute to the
realization of more reliable communication.

It 1s a further object of the present mvention to provide a
data transmission system and a data transmission method
that, 1n a data transmission system that uses systematic code
such as turbo code, achieves bit mapping onto a multilevel
modulation symbol that 1s suitable for cases in which
demodulation having a feedback loop for stochastic coupling
such as twin turbo decoding 1s applied.

It 1s a further object of the present ivention to provide a
data transmission system and a data transmission method
that, 1n a code division multiplexing transmission system that
uses systematic code such as turbo code, provides bit map-
ping for multilevel modulation symbols that 1s suitable for
cases 1n which maximum likelihood 1s estimated from recep-
tion signals without back-diffusion being performed and
demodulation which has a feedback loop for stochastic cou-
pling such as twin turbo decoding 1s applied.

Means for Solving the Problem

In order to solve the above described problems, the data
transmission system according to the present invention 1s a
data transmission system that maps coded bits onto a modu-
lation symbol using a multilevel modulation system and then
transmits these, wherein there 1s provided a bit mapping
means that maps the coded bits onto specific bit positions on
the modulation symbol 1n accordance with the degree of
importance of the coded bats.

In the data transmission system according to the present
invention, the bit mapping means maps coded bits that have a
higher degree of importance onto bit positions where 1t 1s
difficult for an error to occur.

In the data transmission system according to the present
invention, 1 a constellation diagram of the multilevel modu-
lation system, an absolute value of a difference between a
least squares distance between a signal point where reception
1s possible and a signal point having a bit position of 0, and a
least squares distance between a signal point where reception
1s possible and a signal point having a bit position of 1 is
calculated 1n all signal points where reception 1s possible, and
from a result of these calculations, the bit positions where 1t 1s
difficult for an error to occur are obtained as being those
where there 1s a higher probability of obtaiming a longer least
squares distance.

In the data transmission system according to the present
invention, the coded bits are low density parity check codes,
and column weightings of check matrixes thereof are used for
the degrees of importance.

In the data transmission system according to the present
invention, information bits from among the coded bits have a
greater degree of importance than parity bits among the coded
bits.

In the data transmission system according to the present
invention, the multilevel modulation system transmits two or
more bits of the in-phase components or quadrature compo-
nents of a modulation symbol.

The data transmission method of the present invention 1s a
data transmission method 1 which coded bits are mapped
onto a modulation symbol by a multilevel modulation system
and are then transmitted, wherein the coded bits are mapped
onto speciiic bit positions on the modulation symbol 1n accor-
dance with the degree of importance of the coded bits.

In the data transmission system according to the present
invention, the bitmapping means has: a device that rearranges
the coded bits 1n order of the greatest degree of importance;
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and a device that places the rearranged coded bits 1n sequence
from the bit position where 1t 1s difficult for an error to occur
of the modulation symbol.

In order to solve the above described problems, the data
transmission system of the present invention includes: a bit
mapping means that maps coded bits, which are made up of
information bits and parity bits that are each created by a
different element coder from the information bits, onto a
modulation symbol using a multilevel modulation system; a
demodulating device that decides transmitted signals based
on reception signal points from when the modulation symbol
was received, and an appearance probability of the recerved
signal points; and a device that performs decoding of error
correction codes from decision results from the demodulating
device, and feeds the feasibility of reception signals obtained
in this decoding process back as appearance probabilities for
the reception signals, wherein the bit mapping means places
the information bits 1n bit positions of the modulation symbol
where 1t 1s difficult for an error to occur.

In the data transmission system according to the present
invention, the bit mapping means places groups made up of
the information bits and the parity bits that have each been
created by a different element coder 1n the same modulation
symbol.

In the data transmission system according to the present
invention, the bit mapping means places exactly the same
number of the parity bits that have each been created by a
different element coder respectively 1n the same modulation
symbol.

In the data transmission system according to the present
invention, of the parity bits that have each been created by a
different element coder, the bit mapping means places those
parity bits that are used first 1 the coding process 1n bit
positions of the modulation symbol where 1t 1s difficult for an
error to occur 1n advance of parity bits that are used later in the
coding process.

The data transmission method of the present invention
includes: a bit mapping step in which coded bits, which are
made up of information bits and parity bits that are each
created by a different element coder from the information
bits, are mapped onto a modulation symbol of a multilevel
modulation system; a demodulation step 1n which transmitted
signals are judged based on reception signal points from
when the modulation symbol was recerved, and an appear-
ance probability of the received signal points; and a step 1n
which decoding of error correction codes from judgment
results from the demodulating device 1s performed, and fea-
sibilities of reception signals obtained 1n this decoding pro-
cess are fed back as appearance probabilities for the reception
signals, wherein in the bit mapping process, the information
bits are placed i1n bit positions of the modulation symbol
where 1t 1s difficult for an error to occur.

In the data transmission method according to the present
invention, 1n the bit mapping process, groups made up of the
information bits and the parity bits that are each created by a
different element coder are placed in the same modulation
symbol.

In the data transmission method according to the present
invention, i the bit mapping process, exactly the same num-
ber of the parity bits that have each been created by a different
clement coder are placed respectively 1in the same modulation
symbol.

In the data transmission method according to the present
invention, i the bit mapping process, of the parity bits that
have each been created by a different element coder, those
parity bits that are used first in the coding process are placed
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in bit positions of the modulation symbol where 1t 1s ditficult
for an error to occur in advance of parity bits that are used later
in the coding process.

In order to solve the above described problems, the data
transmission system according to the present invention
includes: a bit mapping means that maps coded bits, which
are made up of information bits and parity bits that are each
created by a different element coder from the information
bits, onto a modulation symbol of a multilevel modulation
system; a demodulating device that, in signal spaces that are
formed by sub-carriers within a range over which a single
modulation symbol 1s diffused, judges transmitted signals
based on reception signal points that take reception values of
each sub-carrier as coordinates, on reference constellations
points that are combinations of coordinates originally taken
for the reception signal points, and on an appearance prob-
ability of the received signal points; and a device that per-
forms decoding of error correction codes from judgment
results from the demodulating device, and feeds feasibilities
of reception signals obtained 1n this decoding process back as
appearance probabilities for the reception signals, wherein
the bit mapping means places the information bits 1n bit
positions of the modulation symbol where 1t 1s difficult for an
error 10 occur.

In the data transmission system according to the present
invention, the bit mapping means places the parity bits that
have each been created by a different element coder on the
modulation symbol such that groups that are made up of the
information bits and the parity bits that are each created by a
different element coder are placed on the same reference
signal point.

In the data transmission method according to the present
invention, the bit mapping means places exactly the same
number of the parity bits that have each been created by a
different element coder respectively on the same reference
signal point.

In the data transmission method according to the present
invention, of the parity bits that have each been created by a
different element coder, the bit mapping means places those
parity bits that are used first 1n the coding process in bit
positions of the modulation symbol where 1t 1s difficult for an
error to occur i advance of parity bits that are used later in the
coding process.

The data transmission method according to the present
invention includes: a bit mapping step 1n which coded bats,
which are made up of information bits and parity bits that are
cach created by a different element coder from the informa-
tion bits, are mapped onto a modulation symbol of a multi-
level modulation system; a demodulation step in which, 1n
signal spaces that are formed by sub-carriers within a range
over which a single modulation symbol 1s diffused, transmiut-
ted signals are judged based on reception signal points that
take reception values of each sub-carrier as coordinates, on
reference constellations points that are combinations of coor-
dinates originally taken for the reception signal points, and on
an appearance probability of the recerved signal points; and a
step 1n which error correction codes are decoded from judg-
ment results from the demodulation step, and feasibilities of
reception signals obtained 1n this decoding step are fed back
as appearance probabilities for the reception signals, wherein
in the bit mapping step, the information bits are placed 1n bit
positions of the modulation symbol where 1t 1s difficult for an
error 1o occur.

In the data transmission method according to the present
invention, 1n the bit mapping step, the parity bits that have
cach been created by a different element coder are placed on

the modulation symbol such that groups that are made up of
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the information bits and the parity bits that are each created by
a different element coder are placed on the same reference
signal point.

In the data transmission method according to the present
invention, in the bit mapping step, exactly the same number of
the parity bits that have each been created by a different
clement coder are placed respectively on the same reference
signal point.

In the data transmission method according to the present
invention, i the bit mapping step, of the parity bits that have
cach been created by a different element coder, those parity
bits that are used first 1n the coding process are placed 1n bit
positions of the modulation symbol where 1t 1s difficult for an
error to occur in advance of parity bits that are used later in the
coding process.

Eftects of the Invention

According to the present invention, 1t 1s possible to increase
a bit error rate reduction efiect and contribute to the achieve-
ment of more reliable communication.

According to the present invention, 1n a data transmission
system which uses systematic code such as turbo code, 1t 1s
possible to achieve bit mapping onto a multilevel modulation
symbol that 1s suitable for cases in which demodulation hav-
ing a feedback loop for stochastic coupling such as twin turbo
decoding 1s applied.

According to the present invention, 1n a code division mul-
tiple transmission system which uses systematic code such as
turbo code, 1t 1s possible to achieve bit mapping onto a mul-
tilevel modulation symbol that 1s suitable for cases 1n which
maximum likelihood 1s estimated from reception signals
without back-diffusion being performed, and for cases in

which demodulation having a feedback loop for stochastic
coupling such as twin turbo decoding 1s performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the structure of a trans-
mitter 10 according to a first embodiment of the present
invention.

FIG. 2 1s a view showing an example of a check matrix H
ol a low density parity check code.

FI1G. 3 1s a view showing the constellation diagram of a 16
QAM symbol.

FI1G. 4 1s a graph showing a relationship between reception
signal points of a 16 QAM symbol and d (n_).

FI1G. 5 1s a block diagram showing the structure of a chan-
nel interleaver 12 shown 1n FIG. 1.

FIG. 6 1s an explanatory view showing an example of time
multiplexing processing performed by a time multiplexer 23.

FIG. 7 1s a graph showing simulation results 1n order to
show the eflects obtained from the bit mapping processing
according to the first embodiment of the present invention.

FIG. 8 1s a table showing simulation parameters according,
to FIG. 7.

FIG. 9 1s a view showing the constellation diagram of a 64
QAM symbol.

FI1G. 10 15 a block diagram showing the structure of a data
transmission system according to a second embodiment of
the present invention.

FI1G. 11 15 a block diagram showing the structure of a turbo
coder.

FI1G. 12 1s a conceptual view showing a bit mapping pro-
cedure according to the second embodiment of the present
ivention.
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FIG. 13 1s a conceptual view showing the bit mapping
procedure according to the second embodiment of the present

invention.

FIG. 14 1s a conceptual view showing the bit mapping
procedure according to the second embodiment of the present
ivention.

FIG. 15 1s a conceptual view showing the bit mapping
procedure according to the second embodiment of the present
ivention.

FIG. 16 1s a conceptual view showing the bit mapping
procedure according to the second embodiment of the present
invention.

FIG. 17 1s a conceptual view showing the bit mapping
procedure according to the second embodiment of the present
invention.

FIG. 18 15 a block diagram showing the structure of a data
transmission system according to a third embodiment of the
present 1nvention.

FIG. 19 1s a view showing the constellation diagram of a
QPSK symbol.

FIG. 20 1s a conceptual view showing a bit mapping pro-
cedure according to the third embodiment of the present
ivention.

FIG. 21 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
ivention.

FIG. 22 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
invention.

FIG. 23 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
invention.

FIG. 24 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
ivention.

FIG. 25 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
invention.

FIG. 26 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
invention.

FIG. 27 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
invention.

FIG. 28 1s a conceptual view showing the bit mapping
procedure according to the third embodiment of the present
ivention.

FIG. 29 15 a block diagram showing the structure of a twin
turbo decoder 1n the conventional technology.

FIG. 30 1s a view showing the constellation diagram of a
4 ASK symbol 1n the conventional technology.

FIG. 31 1s a block diagram showing the structure of an
MC-CDMA data transmission system that estimates maxi-
mum likelithood without performing back-diffusion 1n the
conventional technology.

FI1G. 32 1s a view showing processing to create a symbol for
maximum likelithood estimation when the diffusivity 1s 2 in
the conventional technology.

DESCRIPTION OF THE REFERENC.
NUMERALS

L1

10 Transmuitter

11 Low density parity check coder
12 Channel interleaver

13 16 QAM modulator

13, 14 Transmission filter
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21, 22 Bit reorder
23 Time multiplexer
41 Block interleaver

100 Transmitter

101 Turbo coder S
102 Puncturing

103 Bit interleaver

104 Modulator

111 Element coder

112, 212 Turbo interleaver 10
200 Receiver

201 Twin turbo decoder

210 Demodulator

211 Element decoder

213 Turbo deinterleaver 15
1000 Transmitter

1010 Turbo coder

1020 Puncturing

1030 Bit interleaver

1040 Modulator 20
1060 Diffuser

2000 Recerver

BEST MODE FOR CARRYING OUT TH.
INVENTION 25

L1

Respective embodiments of the present invention will now
be described with reference made to the drawings.

First Embodiment 30

A first embodiment of the present invention will now be
described.

FIG. 1 1s a block diagram showing the structure of a trans-
mitter 10 according to the first embodiment of the present 35
invention. In FIG. 1, the transmitter 10 1s provided with a low
density parity check coder 11, a channel interleaver 12, a 16
QAM modulator 13, and a transmission filter 14.

The low density parity check coder 11 encodes input infor-
mation bits into low density parity check codes, and outputs 40
coded bits (1.e., information bits and parity bits) and column
weightings. The column weighting represents the degree of
importance of the coded bit. The coded bits and the column
weilghtings are mput into the channel interleaver 12.

Based on the column weightings, the channel interleaver 45
12 alters the time series order of the coded bits. It then outputs
the coded bits 1n the altered time series order.

The 16 QAM modulator 13 maps the coded bits 1n time
series order that have been output from the channel inter-
leaver 12 on a 16 QAM modulation symbol (1.e., a 16 QAM 50
symbol). This 16 QAM symbol 1s then transmitted via the
transmission filter 14.

Here, the characteristic bit mapping process (1.€., the pro-
cess to map the coded bits on a multilevel modulation sym-
bol) of the present embodiment will be described. 55

The coded bits (1.e., the information bits and parity bits)
and the column weightings shown in FIG. 2 are input from the
low density parity check coder 11 into the channel interleaver
12. In FIG. 2, an example of a check matrix H for a low
density parity check code 1s shown. The check matrix H 60
shown 1n FIG. 2 1s the binary low density parity check code
designed as a finite field having an order of 2 that 1s disclosed
in Non-patent document 3, and shows a case 1n which the
number of information bits thereof 1s 10 and the code rate 1s
I/, and 1s a case 1n which the first string through the tenth 65
string are parity bits, while the eleventh string through twen-
tieth string are information bits.

12

In FIG. 2, the column weighting 1s recorded so as to cor-
respond to each string. In the check matrix H 1n FIG. 2, the
column weighting of each parity bit string from the first string
through the sixth string 1s 2, the column weighting of each
parity bit string from the seventh string through the tenth
string 1s 3, the column weighting of each information bit
string from the eleventh string through the twelith string 1s 3,
the column weighting of each information bit string from the
thirteenth string through the seventeenth string 1s 4, and the
column weighting of each information bit string from the
cighteenth string through the twentieth string 1s 3. In addition,
in the check matrix H shown in FIG. 2, while the column
welghting of a sub-matrix relating to the parity bits of the first
through tenth strings 1s from 2 to 3, the column weighting of
a sub-matrix relating to the information bits of the eleventh
through twentieth strings 1s from 3 to 5, namely, the column
weighting of the information bits 1s larger than that of the
parity bits. Namely, the column weighting of any of the infor-
mation bits 1s larger than the column weighting of the parity
bits.

Note that 1n the example 1n FI1G. 2, the number of elements
in each string having a bit value of °1” 1s used as the column
weilghting, however, the column weighting 1s not limited to
this and it 1s suificient 1f the information shows the degree of
importance of the coded bits of each string o the check matrix
H that 1s made up of coded bits (i.e., the information bits and
parity bits) out port from the low density parity check coder
11.

A constellation diagram of 16 signal points of a 16 QAM
symbol 1s shown 1n FIG. 3. The 16 QAM symbol 1s made up
of four bits [b (0) b (1) b (2) and b (3)]. As 1s shown 1n FIG. 3,
b (0) and b (1) have decision points 1n quadrature compo-
nents, while b (2) and b (3) have decision points 1n the 1n-
phase components. Here, a relationship between the signal
point and bit error rates of a 16 QAM symbol will be consid-
ered.

A soft decision value L _(n_) of the n_-th reception bit are
shown by Formula (10).

|Formula 10]
L (H’ﬂ) — (10)
' M - M| - ' M — M|*
?(nﬂ){ e Mnfﬁ? ?ﬂm)l P(7) | e Mﬁiﬂm}l (71 | }

Wherein M (n_) 1s a reception modulation symbol, and
v(n,.) 1s a signal-to-noise power ratio. Moreover, M,(n_, n_)
represents a constellation diagram that satisfies [b (n -
R,.n_)=0], and M,(n_, n ) represents a constellation dia-
gram that satisfies [b (n_-R, . n_)=1]. Moreover, Rb 1s the
transmission eificiency and, in the case of 16 QAM modula-
tion, [R,,=4]

Here, 1n order to simplify the explanation, if the absolute
value of the difference between the least squares distances in

Formula (10) 1s taken as d (n_), then d (n_) 1s expressed by
Formula (11).

|[Formula 11]
. ) . > (11)
d(nc) = Y I11 |M, () — M|" — 111 (M () — M|
cM(nc.ny) MeMyne,my)

FIG. 4 1s graph showing a relationship between reception
signal pointsofa 16 QAM symboland d (n_). In F1G. 4, d (n )
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at the time when the reception signal point 1s changed 1s
plotted on a graph for b (2) and b (3) which have decision
points 1n 1n-phase components. A waveform 31 1s the graph
line for b (2), while a waveiorm 32 1s the graph line for b (3).
As 1s clear from FIG. 4, compared with b (3), the reception
signal point range where a higher d (n_.) can be obtained 1s

larger for b (2). This fact shows thatb (2) provides a larger soft
decision value than b (3). As a result, 1t was considered that b
(2) had better noise resistance than b (3), namely, there 1s less
likelihood that errors will be generated 1n the bit position ol b
(2) than 1n that of b(3). When the same considerations were
made forb (0) and b (1) which have decision points in quadra-
ture components, then 1t was found that there was less likeli-
hood of bit errors being generated 1n the bit position of b (0)
than in that of b(1).

As aresult of the above considerations, 1n the signal points
for a 16 QAM symbol, there 1s less likelihood of errors being
generated in the bit positions of b (0) and b (2) than in those
of b(1) and b (3). Based on this finding, 1n the bit mapping
process of the present embodiment, a structure 1s employed in
which coded bits having a higher degree of importance are
mapped at b (0) and b (1) which are bit positions where 1t 1s
difficult for errors to occur. Because of this, 1n the transmitter
10,b (0) and b (2) of a 16 QAM symbol are set 1n advance 1n
bit positions where 1t 1s difficult for errors to occur.

A description will now be given of a structure that achieves
the characteristic bit mapping process of the present embodi-
ment.

FIG. 5 1s a block diagram showing the structure of the
channel interleaver 12 shown in FIG. 1. In FIG. 5, the channel
interleaver 12 has bit reorderers 21 and 22, and a time multi-
plexer 23.

An information bit vector X 1s input mnto the bit reorderer
21, and a parity bit vector Y 1s input into the bit reorderer 22.
The series length 1s N for both the information bit vector X
and the parity bit vector Y Moreover, column weightings are
also mput mto the bit reorderers 21 and 22. These column
welghtings express the degree of importance of each bit of the
information bit vector X and parity bit vector Y.

The bit reorderer 21 rearranges in descending order (1.¢.,
starting {rom the highest degree of importance) the column
welghtings of each bit from the information bit vector X. An
information bit vector U that 1s created after this rearrange-
ment 1s mput into the time multiplexer 23. The bit reorderer
22 rearranges in descending order (i.e., starting from the
highest degree of importance) the column weightings of each
bit from the parity bit vector Y. A parity bit vector V that 1s
created after this rearrangement 1s input 1nto the time multi-
plexer 23. The information bit vector U and the parity bit
vector V are expressed by Formula (12).

|Formula 12]

u(N — 1)]
W(N = 1]

{U:mmmn_. (12)

V =[v(Ow(l) ...

Here, 1n the present embodiment, because the low density
parity check code 1llustrated in the above described FIG. 2 1s
used, the column weighting of the information bit vector U 1s
greater than the column weighting of the parity bit vector V.

The time multiplexer 23 performs time multiplexing on the
information bit vector U and the parity bit vector V. In this
time multiplexing processing, coded bits that have a higher
degree of importance are mapped 1n the subsequent 16 QAM
modulator 13 at b (0) and b (2) which are bit positions on the
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16 QAM symbol where 1t 1s more difficult for an error to
occur. Namely, in the present embodiment, information bits
are mapped at b (0) and b (2) which are bit positions where 1t
1s more difficult for an error to occur.

The 16 QAM modulator 13 of the present embodiment
maps one bit of the input bit string at each oi'b (0), b (1), b (2),
and b (3), however, at this time, 1n the 1put sequence of the
bits, 1t performs sequential mapping in the sequence b (0), b
(1),b(2),b(3),b(0),b(1)....The time multiplexer 23 then
repeatedly links each bit of the information bit vector U and
the parity bit vector V in the sequence of “information bit then
parity bit”, and creates a bit string to be input into the 16 QAM
modulator 13.

An example of time multiplexing processing performed by
the time multiplexer 23 1s shown 1 FIG. 6. In the example in
FI1G. 6, a block interleaver 41 1s used. The block interleaver 41
has a bit storage area composed of four rows and N/2 strings.
As 1s shown 1n FIG. 6, in the bit storage area of the block
interleaver 41, the first row 1s the area for storing the data to be
mapped at b (0) onthe 16 QAM symbol, the second row 1s the
area for storing the data to be mapped atb (1) onthe 16 QAM
symbol, the third row 1s the area for storing the data to be
mapped atb (2) on the 16 QAM symbol, and the fourth row 1s
the area for storing the data to be mapped at b (3) on the 16
QAM symbol.

In FIG. 6, for the information bit vector U having a series
length N, N/2 bits from u (0) to u (N/2-1) are written to the
first row of the bit storage area of the block interleaver 41, and
N/2 bits from u (N/2) to u (N-1) are written to the third row
thereol. For the parity bit vector V having a series length N,
N/2 bits from v (0) to v (N/2-1) are written to the second row
ol the bit storage area of the block interleaver 41, and N/2 bits
from v (N/2) to v (N-1) are written to the fourth row thereof.

Next, bits are read in the string direction from the bat
storage area where the information bit vector U and the parity
bit vector V are written. The sequence 1n which they are read
1s Trom the bit 1n the first row in each string sequentially from
the first string to the N/2 string. As a result, an output bt string
U/V 1s obtained.

This output bit string UN 1s output to the 16 QAM modu-
lator 13. In addition, as 1s shown i FIG. 6, 1n the 16 QAM
modulator 13, u (0) to u (N/2-1) are mapped to b (0) of the 16
QAM symbol, v(0)to v (N/2-1)are mappedtob (1) of the 16
QAM symbol, u (N/2) to u (N-1) are mapped to b (2) of the
16 QAM symbol, and v (IN/2) to v (N-1) are mapped to b (3)
of the 16 QAM symbol. As a result, of the coded bits, the
information bits having the highest degree of importance are
mapped to b (0) and b (2) which are bit positions of the 16
QAM symbol where 1t 1s more difficult for an error to occur.

Note that 11 the information for bitmapping on the 16 QAM
symbol 1n the transmitter 10 1s shared with the receiving side,
then 1t 1s possible for the modulation to be on the recerving
side.

FIG. 7 1s a graph showing simulation results 1n order to
show the effect of the bit mapping process of the present
embodiment. In FIG. 7 the results are shown for the simula-
tion of the frame error rate when the signal-to-noise power
ratio 1s changed. The simulation parameters for this are shown
in FIG. 8. In a conventional bit mapping process, the infor-
mation bits are mapped with equal probability at the bit posi-
tions b (0) and b (2) where 1t 1s difficult for an error to occur,
and at the bit positions b (1) and b (3) where 1t 1s easy for an
error 1o occur.

As 1s clear from FIG. 7, according to the bit mapping
process of the present embodiment, compared to the conven-
tional technology, 1t 1s possible to reduce the signal-to-noise
power ratio that 1s required 1n order to achieve the same frame
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error rate. For example, the signal-to-noise power ratio that 1s
required 1n order to achieve a frame error rate of 1% can be
reduced by 0.12 dB compared to the conventional technology.
Because of this, 1t becomes possible to efficiently achieve
communication that 1s highly reliable and has a low error rate.

As 1s described above, according to the present embodi-
ment, 1t 1s possible to increase the bit error rate reduction
elifect and, for example, reduce the signal-to-noise power
ratio that 1s required 1n order to achieve a required frame error
rate. It 1s thus possible to efficiently achieve commumnication
that 1s highly reliable and has a low error rate.

Moreover, according to the present embodiment, the
elfects shown below are obtained.
(1) As in the case of the low density parity check codes
described 1n Non-patent document 3, in a case 1n which a
multilevel modulation system that transmits two or more bits
to each component (1.e., in-phase components or quadrature
components) ol a modulation symbol, such as 16 QAM
modulation, 1s used for code words 1n which the degree of
importance of the coded bits varies such as when the column
welghting of any of the weighting bits 1s greater than the
column weighting of the parity bits, 1t becomes possible to
provide a more suitable bit mapping method, and the bit error
rate can be substantially reduced. As a result, it becomes
possible to achieve highly reliable communication.

A first embodiment of the present invention has been
described 1n detail above with reference made to the draw-
ings, however, the specific structure of the present invention 1s
not limited to this embodiment, and various design alterations
may also be made insofar as they do not depart from the spirit
or scope of the present invention.

For example, in the above described first embodiment,
column weightings are input into the channel interleaver 12
and the time series order of the coded bits 1s altered, however,
it 1s also possible to employ a structure 1n which the column
welghtings are mput mto the 16 QAM modulator 13 and,
based onthese column weightings, the 16 QAM modulator 13
performs both the time series ordering of the coded bits and
the mapping on a 16 QAM symbol.

Moreover, as a result of the low density parity check coder
11 outputting coded bits in descending order or ascending
order of the column weighting, it 1s also possible to provide
the degree of importance information that expresses the
degree of importance of a coded bit in the actual coded bit
itself. In this case, output of the column weighting may be
omitted.

Moreover, 1n the above described first embodiment, the
column weightings of the check matrix H of the low density
parity check codes are used as degree of importance informa-
tion that shows the degree of importance of the coded bits,
however, the degree of importance information 1s not limited
to this and various type of indexes may be used.

Moreover, in the above described first embodiment, a
description 1s given using low density parity check codes as
an example, however, provided that degree of importance
information can be obtained that shows the degree of 1impor-
tance of a coded bit, then the present invention can be applied
to codes other than low density parity check codes.

Moreover, 1n the above described first embodiment, a
description 1s given using 16 QAM as an example of a mul-
tilevel modulation system that can be used 1n the present
invention, however, the present invention 1s not limited to this
and, for example, ASK (Amplitude Key Shifting), 64 QAM,
256 QAM and the like can also be used 1n the present mven-
tion. Moreover, provided that the multilevel modulation sys-
tem 1s one that transmits two or more bits of the mn-phase
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components or quadrature components of a modulation sym-
bol, then the effects from the present invention can be satis-

factorily obtained.

FIG. 9 shows a constellation diagram of a 64 QAM modu-
lation symbol (i.e., a 64 QAM symbol). In FIG. 9, the place-
ment of 64 signal points of a 64 QAM symbol 1s shown. The
64 QAM symbol 1s formed by 6 bits [b (0) b (1) b (2) b (3) b
(4) b (5)]. The MSB (Most Signmificant Bit) 1s b (0), followed
in order by b (1), b (2), b (3), b (4), and the LSB (Least
Significant Bit) 1s b (5).

In the constellation diagram of the 64 QAM symbol shown
in FI1G. 9, the bits (b (0) and b (3) are the bit positions where
it 1s most difficult for an error to occur, while the bits (b (2) and
b (5) are the bit positions where it 1s the easiest for an error to
occur. The bits b (1) and b (4) are bit positions that have an
intermediate possibility of an error occurring (1.¢., there 1s a
greater likelihood of an error occurring than in b (0) and b (3)
and a lesser likelthood of an error occurring than in b (2) and
b (5)).

In 256 QAM, the modulation symbol thereot (1.e., a 256
QAM symbol) is formed by 8 bits [b (0) b (1) b (2) b (3) b (4)
b (5) b (6) b (7)]. The MSB (Most Significant Bit) 1s b (0),
followed in order by b (1), b (2), b (3), b (4), b (5), b (6) and
the LSB (Least Significant Bit) 1s b (7).

In the constellation diagram ofa 256 QAM symbol, the bits
(b (0) and b (4) are bit positions where it 1s most difficult for
an error to occur. Next, the bits (b (1) and b (5) are bit
positions where 1t 1s somewhat difficult for an error to occur.
Next, the bits (b (2) and b (6) are bit positions where 1t 1s
somewhat easier for an error to occur, and the bits (b (3) and
b (7) are bit positions where 1t 1s easy for an error to occur.

Moreover, the present mvention can be applied to either
wired or wireless data transmaission.

Second Embodiment

A second embodiment of the present invention will now be
described.

FIG. 10 1s a block diagram showing the structure of a data
transmission system according to a second embodiment of
the present invention. FIG. 11 1s a block diagram showing the
structure of a turbo coder 101.

In FIG. 10, the turbo coder 101 turbo codes an information
bit vector X , and a parity bit vector X, 1s created by an
clement coder 1_111 shown 1 FIG. 11 while a parity bat
vector X . 1s created by an element coder 2_111. Next, a
puncturer 102 creates a code sequence having an optional
code rate by puncturing the parity bit vectors X, and X .. Next,
a bit interleaver 103 performs bit interleaving. Next, a modu-
lator 104 modulates the coded bits which have undergone bit
interleaving by mapping them to a modulation symbol 1n
accordance with the bit mapping rules according to the
present embodiment. After modulation, the signals are trans-
mitted. The transmitted signals are changed by a transmission
path 300 and are receirved by a receiver 200. In the receiver
200, the received signals are modulated by a twin turbo
decoder 201. The structure of the twin turbo decoder 201 1s
shown 1n FIG. 29.

In the bit mapping method according to the present
embodiment, coded bits are mapped 1n accordance with the
following Rules 1, 2, and 3 (1.e., order of priority).

(Rule 1) Information bits are placed 1n bit positions where it
1s difficult for an error to occur.

(Rule 2) The same number of parity bits that are created by the
clement coder 1_111 as the number of parity bits that are
created by the element coder 2_111 are placed in the same
modulation symbol.
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(Rule 3) Parity bits that are created by the element coder
1_111 are placed 1n bit positions where it 1s more difficult for
an error to occur than the bit positions where parity bits
created by the element coder 2_111 are placed.

Here, the reasons why the above described rules 1, 2, and 3
are employed are described.

[The Reason of Rule 1]

In the twin turbo decoder 201, while the parity bit commu-
nication path value 1s used in just one of the element decoders
211, the information bit communication path value 1s used 1n
both of the element decoders 1_111 and 2_111. Accordingly,
information bits can be said to have a greater degree of impor-
tance than parity bits. Because of this, the signal-to-noise
power ratio of the information bits can be improved by the
above described Rule 1.
| The Reason of Rule 2]

In the twin turbo decoder 201, the a-posterior: values of
parity bits that are input into a demodulator 1_210 are only
those created by the element decoder 2_211, and those cre-
ated by the element decoder 1_211 are not input. In contrast,
the a-posterioni values of the parity bits that are mput into a
demodulator 2_210 are only those created by the element
decoder 1_211, and those created by the element decoder
2211 are not input. Accordingly, i1 the parity bits created by
any one of the element decoders 111 are consolidated 1n a
single modulation symbol, then bits are generated in which
the a-posteriori values of pair bits cannot be obtained 1n either
one of the demodulators 1_210 and 2210, and the commu-
nication path values of these bits are not updated. As a result
of this, because the number of pair bits that it 1s possible to use
in communication path value update processing 1s equal 1n
both of the demodulators 1 210 and 2 210 due to the above
described Rule 2, the accuracy of the updating of the com-
munication path values i both demodulators 1_210 and
2 210 1s uniformized.
| The Reason of Rule 3]

In the twin turbo decoder 201, the number of updates of the
communication path value of the demodulator 2_210 1s one
more than the number of updates for the demodulator 1_210.
Accordingly, by improving the signal-to-noise power ratio of
the communication path value of the parity bits input into the
demodulator 2_210, the accuracy of the updating of the com-
munication path value 1s improved. As a result of this, due to
Rule 3, it 1s possible to improve the signal-to-noise power
rat1o of the parity bits created by the element coder 1_211.

A description will now be given of the bit mapping method
of the present embodiment using specific examples. Note
that, here, the constellation diagram of the 16 QAM symbol
shown 1n FI1G. 3 and the constellation diagram of the 64 QAM
symbol shown in FIG. 9 are used as examples.

In the constellation diagram of the 16 QAM symbol shown
in FIG. 3, the bits b (0) and b (2) are 1n bit positions where 1t
1s dif. 1cu1t for an error to occur, while the bits b (1) and b (3)
are 1n bit positions where 1t 1s easy for an error to occur.

In the constellation diagram of the 64 QAM symbol shown
in FIG. 9, the bits b (0) and b (3) are 1n bit positions where 1t
1s difficult for an error to occur, while the bits b (2) and b (5)
are 1n bit positions where 1t 1s easy for an error to occur. There
1s an intermediate likelihood of an error occurring 1n the bit
positions b (1)and b (4) (1.e., these bit positions have a greater
likelihood of an error occurring than the positions of the bits
b (0) and b (3) and a lesser likelihood than the positions of the
bits b (2) and b (5).

Moreover, the information bits 1n the 1-th position after the
bit interleaving are taken as X '(1), the parity bits at the j-th
position that are created by the element coder 1_111 after the
bit interleaving are taken as X,'(3), and the parity bits at the
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1-th position that are created by the element coder 2_111 after
the bit interleaving are taken as X '(3).

Firstly, specific examples (1.e., case Al, case A2, and case
A3)ofwhenthe 16 QAM symbol shown in FIG. 3 1s used will
be described.

[Case Al: the modulation 1s 16 QAM modulation, and the
coderate1s 3 (1.e., the number of information bits 1s less than
the number of parity bits)].

FIG. 12 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 16 QAM and the code rate 1s 3. In this case, firstly,
the information bits X '(1) are placed 1n bit positions where 1t
1s difficult for an error to occur. In addition, the parity bits
X, '() are placed at one of the bit positions where 1t 1s easy for
an error to occur, and the parity bits X '(3) are placed at the
other of the bit positions where 1t 1s easy for an error to occur.
After all the information bits have been positioned, the
remaining parity bit X ,'(j) 1s placed 1n a bit position where 1t
1s difficult for an error to occur, and the parity bit X '(y) 1s
placed 1n a bit position where 1t 1s easy for an error to occur.

[Case A2: the modulation 1s 16 QAM modulation, and the
coderate 1s 12 (1.e., the number of information bits 1s the same
as the number of parity bits)].

FIG. 13 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 16 QAM and the code rate 1s Y. In this case, 1n all of
the modulation symbols, the information bits X '(1) are
placed 1n bit positions where 1t 1s difficult for an error to occur.
In addition, the parity bits X,'(j) are placed 1n one of the bit
positions where 1t 1s easy for an error to occur, and the parity
bits X '(3) are placed at the other of the bit positions where 1t
1s easy for an error to occur.

[Case A3: the modulation 1s 16 QAM modulation, and the
code rate 1s %3 (1.e., the number of information bits 1s more
than the number of parity bits)].

FIG. 14 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 16 QAM and the code rate 1s 24. In this case, firstly,
the mnformation bits X '(1) are placed 1n bit positions where 1t
1s difficult for an error to occur. In addition, the parity bits
X,'(1) are placed 1n one of the bit positions where 1t 1s easy for
an error to occur, and the parity bits X '(j) are placed at the
other of the bit positions where 1t 1s easy for an error to occur.
After all the imformation bits have been positioned, the
remaining parity bits X '(1) are positioned 1n sequence.

Next, specific examples (1.¢., case B1, case B2, and case
B3)of when the 64 QAM symbol shown in FI1G. 9 1s used will
be described.

[Case B1: the modulation 1s 64 QAM modulation, and the

coderate1s /3 (1.e., the number of information bits 1s less than
the number of parity bits)].

FIG. 15 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 64 QAM and the code rate 1s /4. In this case, firstly,
in all of the modulation symbols, the mnformation bits X '(1)
are placed 1n bit positions where 1t 1s difficult for an error to
occur. In addition, the parity bits X,'(j) are placed in bit
positions where there 1s an intermediate likelihood of an error
occurring, and the parity bits X (1) are placed 1n bit positions
where 1t 1s easy for an error to occur.

[Case B2: the modulation 1s 64 QAM modulation, and the
coderate 1s 12 (1.e., the number of information bits 1s the same
as the number of parity bits)].

FIG. 16 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 64 QAM and the code rate 1s 4. In this case, the
information bits X '(1) are placed 1n sequence 1n bit positions




US 8,229,021 B2

19

where 1t 1s difficult for an error to occur and 1n bit positions
where there 1s an intermediate likelihood of an error occur-
ring. In addition, the parlty bits X,'(j) are placed in one of the
bit positions where it 15 easy for an error to occur, and the
parity bits X '(j) are placed at the other of the bit positions
where 1t 1s easy for an error to occur. After half of the modu-
lation symbol has been mapped, the information bits X '(1)
are placed 1n bit positions where 1t 1s difficult for an error to
occur, the parity bits X,'(j) are placed 1n bat p081t10ns where
there 1s an intermediate likelihood of an error occurrmg,] and

the parity bits X '(3) are placed in bit positions where it 1s easy
for an error to occur.

[Case B3: the modulation 1s 64 QAM modulation, and the
code rate 1s %3 (1.e., the number of information bits 1s more
than the number of parity bits)].

FIG. 17 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-

lation 1s 64 QAM and the code rate 1s 24. In this case, 1n all of
the modulation symbols, the information bits X '(1) are
placed 1n sequence in bit positions where 1t 1s difficult for an
error to occur and in bit positions where there 1s an 1nterme-
diate likelithood of an error occurring. In addition, the parity
bits X, '(3) are placed 1n one of the bit positions where 1t 1s easy
for an error to occur, and the parity bits X () are placed at the
other of the bit positions where 1t 1s easy for an error to occur.

According to the above described second embodiment of
the present invention, it 1s possible to perform bit mapping
onto multilevel modulation symbols that are suitable for twin
turbo decoding.

Note that 1n the bit mapping method according to the
present invention, various modifications to the Rules 1, 2, and
3 of the above described second embodiment are possible.

For example, 1t 15 also possible to comply with the follow-
ing Rules (1) and (2);

(1) As the bit mapping order of priority, the information bits
X '(1) are taken first, then the parity bits X, '(1), and the parity
bits X '(1) are taken last.

(2) The bits are positioned such that a group made up of
[information bit X , parity bit X,, and parity bit X | are
provided in one modulation symbol. More preferably, the
same number of parity bits X, and parity bits X  are provided
in one modulation symbol.

The second embodiment of the present invention has been
described 1n detail above with reference made to the draw-
ings, however, the specific structure thereotf 1s not limited to
this embodiment and various design modifications may be
included therein 1nsofar as they do not depart from the spirit
or scope of the present invention.

For example, 1n the above described second embodiment,
the description uses a twin turbo decoder as an example,
however, the demodulator to which the present invention can
be applied 1s not limited to a twin turbo decoder. The present
invention can also be applied to various types of demodulator
that have a feedback loop for stochastic coupling and pro-
vides the same effects with these demodulators.

Moreover, the multilevel modulation system to which the
present invention can be applied 1s not limited to the above
described 16 QAM and 64 QAM. The present invention can
also be applied to other modulation systems provided that the
modulation system 1s one that transmits two or more bits to
cach component (1.¢., in-phase components or quadrature
components) of a modulation symbol such as, for example,

256 QAM or ASK.

Third F

Embodiment

A third embodiment of the present invention will now be
described.
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FIG. 18 1s a block diagram showing the structure of a data
transmission system according to a third embodiment of the
present 1nvention.

The data transmission system shown in FIG. 18 1s a multi-
carrier code division multiple access (MC-CDMA) system,
and 1s provided with a transmitter 1000. The transmaitter 1000
transmits signals that have undergone turbo code encoding
and multilevel modulation. The recerver 2000 performs maxi-
mum likelthood estimation without performing back-diffu-
s10n, and performs twin turbo decoding. Note that, 1n FI1G. 18,
portions that correspond to those in FIG. 31 are given the
same symbols and a description thereot 1s omitted. Moreover,
the structure of a turbo coder 1010 1s the same as that shown
in FIG. 11, and portions corresponding to those in FIG. 11 are
given the same symbols.

In FIG. 18, the turbo coder 1010 performs turbo coding on
an mformation bit vector X _, and a parity bit vector X, 1s
created by the element coder 1_111 shown 1n FIG. 11 and a
parity bit vector X _ 1s created by the element coder 2_111
shown 1n FIG. 11. Next, a puncturer 1020 creates a code
sequence having an optional code rate by puncturing the
parity bit vectors X, and X _. Next, a bit interleaver 1030
performs bit interleaving. Next, a modulator 1040 modulates
the coded bits which have undergone bit interleaving by map-
ping them to a modulation symbol 1n accordance with the bit
mapping rules according to the present embodiment. After
modulation, the signals are converted into parallel signals by
a serial/parallel converter 1050. A diffuser 1060 diffuses and
multiplexes these parallel signals so as to create a data sub-
carrier. In the same way as 1n a conventional MC-CDMA
system, this data sub-carrier 1s then converted into a serial
signal by a parallel/seral converter 1080 after being subject
to an inverse Fourier transiform by an inverse Fourier trans-
former 1070. A cyclic prefix 1s then imnserted by a cyclic prefix
iserter 1090, and 1t 1s then further time multiplexed with a
pilot signal by a time multiplexer 1100, and 1s then transmuit-
ted.

These transmission signals then receive transmission path
variations and are received by the receiver 2000. The recerver
2000 then performs transmission path estimation and equal-
1zation processing from the received signals, and creates an
equalized data sub-carrier. The equalized data sub-carrier
then undergoes parallel/serial conversion, and 1s then con-
verted 1into a maximum likelihood estimation symbol, and 1s
demodulated by a twin turbo decoder 2080. The structure of
the twin turbo decoder 2080 1s the same as that shown 1n FIG.
29, and portions corresponding to those i FIG. 29 are
described using the same symbols.

In the bit mapping method of the present embodiment,
coded bits are mapped in accordance with the following Rules
1, 2, and 3 (1.e., order of priority).

(Rule 1) Information bits are placed 1n bit positions where it
1s difficult for an error to occur.

(Rule 2) The same number of parity bits that are created by the
clement coder 1_111 as the number of parity bits that are
created by the element coder 2_111 are placed 1n the same
maximum likelithood estimation symbol.

(Rule 3) Parity bits that are created by the element coder
1_111 are placed 1n bit positions where 1t 1s more difficult for
an error to occur than the bit positions where parity bits
created by the element coder 2_111 are placed.

Here, the reasons why the above described rules 1, 2, and 3
are employed are described.

[ The Reason of Rule 1]

In the twin turbo decoder 2080, while the parity bit com-
munication path value 1s used 1n just one of the element
decoders 211, the information bit communication path value




US 8,229,021 B2

21

1S used in both of the element decoders 1 111 and 2 111.
Accordingly, information bits can be said to have a greater
degree of importance than parity bits. Because of this, the
signal-to-noise power ratio of the information bits can be
improved by the above described Rule 1.

[The Reason of Rule 2]

In the twin turbo decoder 2080, the a-posterior: values of
parity bits that are input into the demodulator 1_210 are only
those created by the element decoder 2_211, and those cre-
ated by the element decoder 1_211 are not input. In contrast,
the a-posteriori values of the parity bits that are input into the
demodulator 2_210 are only those created by the eclement
decoder 1_211, and those created by the element decoder
2211 are not input. Accordingly, 1i the parity bits created by
any one of the element decoders 111 are consolidated 1n a
single modulation symbol, then bits are generated in which
the a-posterior1 values of pair bits cannot be obtained 1n either
one of the demodulators 1 210 and 2210, and the commu-
nication path values of these bits are not updated. As a result
of this, because the number o pair bits that it 1s possible to use
in communication path value update processing 1s equal 1n
both of the demodulators 1 210 and 2 210 due to the above
described Rule 2, the accuracy of the updating of the com-
munication path values in both demodulators 1_210 and
2 210 1s uniformized.
| The Reason of Rule 3]

In the twin turbo decoder 2080, the number of communi-
cation path value updates of the demodulator 2_210 1s one
more than the number of updates for the demodulator 1_210.
Accordingly, by improving the signal-to-noise power ratio of
the commumnication path value of the parity bits input into the
demodulator 2_210, the accuracy of the updating of the com-
munication path values 1s improved. As a result of this, due to
Rule 3, 1t 1s possible to improve the signal-to-noise power
rat1o of the parity bits created by the element coder 1_211.

A description will now be given of the bit mapping method
of the present embodiment using specific examples. Note
that, here, the constellation diagram of the QPSK (Quadrature
Phase Shift Keying, Quadri-Phase Shift Keying) symbol
shown 1n FIG. 19, the constellation diagram of the 16 QAM
symbol shown i FIG. 3, and the constellation diagram of the
64 QAM symbol shown 1n FIG. 9 are used as examples.

In the constellation diagram of the 16 QAM symbol shown
in FIG. 3, the bits b (0) and b (2) are 1n bit positions where 1t
1s dif. 1cu1t for an error to occur, while the bits b (1) and b (3)
are 1n bit positions where 1t 1s easy for an error to occur.

In the constellation diagram of the 64 QAM symbol shown
in FI1G. 9, the bits b (0) and b (3) are 1n bit positions where 1t
1s dif. 1cult for an error to occur, while the bits b (2) and b (5)
are 1n bit positions where it 1s easy for an error to occur. There
1s an intermediate likelithood of an error occurring 1n the bit
positions b (1)and b (4) (1.e., these bit positions have a greater
likelihood of an error occurring than the positions of the bits
b (0) and b (3) and a lesser likelihood than the positions of the
bits b (2) and b (5).

Moreover, the information bits 1n the 1-th position after the
bit interleaving are taken as X '(1), the parity bits at the j-th
position that are created by the element coder 1_111 after the
bit interleaving are taken as X,'(1), and the parity bits at the
1-th position that are created by the element coder2_111 after
the bit interleaving are taken as X '(j).

Firstly, specific examples (1.e., case Al, case A2, and case
A3) of when the QPSK symbol shown in FIG. 19 1s used will

be described.

[Case Al: the modulation 1s QPSK modulation, and the
coderate1s Y3 (1.e., the number of information bits 1s less than
the number of parity bits)].
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FIG. 20 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s QPSK and the code rate 1s 3. In this case, firstly, an
information bit X '(1) 1s placed 1n one of the bit positions, and
a parity bit X,'(1) 1s placed 1n the other of the bit positions.
Next, an information bit X '(1) 1s placed in one of the bit
positions, and a parity bit X '(j) 1s placed in the other of the bit
positions. This processing 1s repeated. After all the informa-
tion bits have been positioned, a modulation symbol that 1s
made up solely by parity bits X,'(3), and a modulation symbol
that 1s made up solely by parity bits X (1) are alternately
created.

[Case A2: the modulation 1s QPSK modulation, and the
coderate 1s ¥4 (1.¢€., the number of information bits 1s the same
as the number of parity bits)].

FIG. 21 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s QPSK and the code rate 1s V2. In this case, firstly, an
information bit X '(1) 1s placed 1n one of the bit positions, and
a parity bit X,'(1) 1s placed 1n the other of the bit positions.
Next, an information bit X '(1) 1s placed in one of the bit
positions, and a parity bit X _'(3) 1s placed 1n the other of the bit
positions. This processing 1s subsequently repeated.

[Case A3: the modulation 1s QPSK modulation, and the
code rate 1s 23 (1.e., the number of information bits 1s more
than the number of parity bits)].

FIG. 22 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s QPSK and the code rate 1s 4. In this case, firstly, an
information bit X '(1) 1s placed 1n one of the bit positions, and
a parity bit X,'(1) 1s placed 1n the other of the bit positions.
Next, an mnformation bit X '(1) 1s placed in one of the bit
positions, and a parity bit X '(j) 1s placed in the other of the bat
positions. This processing 1s repeated. After all the parity bits
have been positioned, a modulation symbol that 1s made up
solely by information bits X '(1) 1s created.

Next, specific examples (1.e., case B1, case B2, and case
B3)of when the 16 QAM symbol shown in FIG. 3 1s used will

be described.

|Case B1: the modulation 1s 16 QAM modulation, and the
coderate1s V3 (1.¢., the number of information bits 1s less than
the number of parity bits)].

FIG. 23 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 16 QAM and the code rate 1s 3. In this case, firstly,
an information bit X '(1) 1s placed 1n a bit position where 1t 1s
difficult for an error to occur, and a parity bit X,'(j) 1s placed
in a bit position where 1t 1s easy for an error to occur. Next, an
information bit X '(1) 1s placed 1n a bit position where 1t 1s
difficult for an error to occur, and a parity bit X '(3) 1s placed
in a bit position where 1t 1s easy for an error to occur. This
processing 1s repeated. After all the information bits have
been positioned, the remaining parity bit X,'(3) 1s placed 1n a
bit position where it 1s difficult for an error to occur, and the
parity bit X '(3) 1s placed 1n a bit position where 1t 1s easy for
an error to occur.

[Case B2: the modulation 1s 16 QAM modulation, and the
code rate 1s ¥ (1.e., the number of information bits 1s the same
as the number of parity bits)].

FIG. 24 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 16 QAM and the code rate 1s 2. In this case, firstly,
an information bit X '(1) 1s placed 1n a bit position where it 1s
difficult for an error to occur, and a parity bit X,'(3) 1s placed
in a bit position where 1t 1s easy for an error to occur. Next, an
information bit X '(1) 1s placed 1n a bit position where it 1s
difficult for an error to occur, and a parity bit X '(3) 1s placed
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in a bit position where 1t 1s easy for an error to occur. This
processing 1s subsequently repeated.

[Case B3: the modulation 1s 16 QAM modulation, and the

code rate 1s %3 (1.¢., the number of information bits 1s more
than the number of parity bits)].

FIG. 25 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 16 QAM and the code rate 1s 24. In this case, firstly,
an iformation bit X '(1) 1s placed in a bit position where 1t 1s
difficult for an error to occur, and a parity bit X, '(3) 1s placed
in a bit position where 1t 1s easy for an error to occur. Next, an
information bit X '(1) 1s placed in a bit position where 1t 1s
difficult for an error to occur, and a parity bit X '(3) 1s placed
in a bit position where 1t 1s easy for an error to occur. This
processing 1s repeated. After all the parity bits have been
positioned, a modulation symbol that 1s made up solely by
information bits X '(1) 1s created.

Next, specific examples (1.e., case C1, case C2, and case
C3) of when the 64 QAM symbol shown 1n FIG. 9 1s used will
be described.

[Case C1: the modulation 1s 64 QAM modulation, and the
coderate1s Y3 (1.e., the number of information bits 1s less than
the number of parity bits)].

FIG. 26 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 64 QAM and the code rate 1s V4. In this case, 1n all of
the modulation symbols, the information bits X '(1) are
placed 1 bit positions where 1t 1s difficult for an error to occur.
In addition, the parity bits X,'(j) are placed in bit positions
where there 1s an intermediate likelihood of an error occur-
ring, and the parity bits X (1) are placed 1n bit positions where
it 15 easy for an error to occur.

[Case C2: the modulation 1s 64 QAM modulation, and the
coderate1s 12 (1.e., the number of information bits 1s the same
as the number of parity bits)].

FI1G. 27 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 64 QAM and the code rate 1s V2. In this case, firstly,
an information bit X '(1) 1s placed 1n a bit position where 1t 1s
difficult for an error to occur and 1n a bit position where there
1s an intermediate likelihood of an error occurring, and a
parity bit X,'(j) 1s placed 1n a bit position where it 1s easy for
an error to occur. Next, an information bit X '(1) 1s placed 1n
a bit position where 1t 1s difficult for an error to occur and 1n
a bit position where there 1s an intermediate likelihood of an
error occurring, and a parity bit X '(3) 1s placed 1n a bit posi-
tion where 1t 1s easy for an error to occur. This processing 1s
repeated, and after half of the modulation symbol has been
mapped, the information bits X '(1) are placed 1n bit positions
where 1t 1s difficult for an error to occur, the parity bits X, (3)
are placed 1n bit positions where there 1s an intermediate
likelihood of an error occurring, and the parity bits X (1) are
placed 1n bit positions where it 1s easy for an error to occur.

[Case C3: the modulation 1s 64 QAM modulation, and the
code rate 1s %3 (1.¢., the number of information bits 1s more
than the number of parity bits)].

FIG. 28 1s a conceptual view showing a bit mapping pro-
cedure according to the present embodiment when the modu-
lation 1s 64 QAM and the code rate 1s %4. In this case, firstly,
an iformation bit X '(1) 1s placed 1n a bit position where 1t 1s
difficult for an error to occur and 1n a bit position where there
1s an intermediate likelihood of an error occurring, and a
parity bit X,'(3) 1s placed 1n a bit position where 1t 1s easy for
an error to occur. Next, an information bit X '(1) 1s placed 1n
a bit position where 1t 1s difficult for an error to occur and 1n
a bit position where there 1s an intermediate likelihood of an
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error occurring, and a parity bit X '(3) 1s placed 1n a bit posi-
tion where it 1s easy for an error to occur. This processing 1s
subsequently repeated.

According to the above described third embodiment, 1n a
multi-carrier code division multiple access system which
uses turbo coding, it 1s possible to perform bit mapping onto
multilevel modulation symbols that are suitable for cases in
which maximum likelihood 1s estimated from reception sig-
nals without back-diffusion being performed and for cases in
which twin turbo decoding 1s performed.

Note that 1n the bit mapping method according to the
present invention, various modifications to the Rules 1, 2, and
3 of the above described third embodiment are possible.

For example, 1t 1s also possible to comply with the follow-
ing Rules (1) and (2);

(1) As the bit mapping order of priority, the information bits
X '(1) are taken first, then the parity bits X, '(1), and the parity
bits X (1) are taken last.

(2) The placement of the information bits X _, parity bits X,
and parity bits X _ on a modulation symbol 1s made such that
a group made up of [information bit X . parity bit X, and
parity bit X ] are provided in one maximum likelithood esti-
mation symbol. More preferably, the same number of parity
bits X, and parity bits X _ are provided in one maximum
likelihood estimation symbol.

The third embodiment of the present invention has been
described 1n detail above with reference made to the draw-
ings, however, the specific structure thereof 1s not limited to
this embodiment and various design modifications may be
included therein 1msofar as they do not depart from the spirit
or scope of the present invention.

For example, in the above described third embodiment, the
description uses a twin turbo decoder as an example, however,
the demodulator to which the present invention can be applied
1s not limited to a twin turbo decoder. The present invention
can also be applied to various types of demodulator that have
a feedback loop for stochastic coupling and provides the same
elfects with these demodulators.

Moreover, 1n the above described third embodiment, the
description uses as an example a forward link of a multi-
carrier code division multiple access system which estimates
maximum likelthood without performing back-diffusion,
however, provided that it performs code diffusion, the present
invention 1s not limited to an access system. For example, the
present mvention can also be applied to frequency division
and time division access systems. Moreover, the present
invention 1s not limited to a link direction.

Moreover, the present invention can also be applied to a
single carrier transmission system. Moreover, the present
invention can also be applied to a diffusivity which 1s greater
than 2 and the same eflects can also be obtained 1n this case.

Moreover, 1n the above described third embodiment, the
description uses as an example a system in which a pilot
signal 1s time division multiplexed with a data signal, how-
ever, the present invention can also be applied to a system 1n
which a pilot signal 1s frequency division multiplexed with a
data signal. Moreover, 1t 1s also possible for a single frame to
be made up of a plurality of data MC-CDMA symbols. More-
over, the present invention can also be applied to equalization
methods other than phase rotation compensation such as
MMSE (Minimum Main Square Error) equalization and the
like and the same effects can also be obtained in such cases.

Moreover, the multilevel modulation system that can be
used 1n the present mvention 1s not limited to the above-
described QPSK, 16 QAM, and 64 QAM. The present inven-
tion can be applied to a variety of multilevel modulation
systems such as for example, 256 QAM and ASK.
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INDUSTRIAL APPLICABILITY

The present invention can be applied to a data transmission
system that achieves bit mapping onto a multilevel modula-
tion symbol which 1s suitable for demodulation having a
teedback loop for stochastic coupling such as a twin turbo
decoder.

What 1s claimed 1s:

1. A data transmission system that maps coded bits onto a
modulation symbol using a multilevel modulation system and
then transmits the same, wherein:

there 1s provided a bit mapping means that maps the coded

bits onto specific bit positions on the modulation symbol
in accordance with the degree of importance of the
coded bits;
the bit mapping means maps coded bits that have a higher
degree of importance onto bit positions of the modula-
tion symbol where 1t 1s difficult for an error to occur; and

the bit positions where 1t 1s difficult for an error to occur are
obtained as being those bit positions where there 1s a
higher probability of obtaining a longer least squares
distance, 1n a constellation diagram of the multilevel
modulation system, from a result of a calculation that an
absolute value of the difference between a least squares
distance between a signal point where reception 1s pos-
sible and a signal point having a bit position of 0, and a
least squares distance between a signal point where
reception 1s possible and a signal point having a bit
position of 1 1s calculated for all signal points where
reception 1s possible.

2. The data transmission system according to claim 1,
wherein the coded bits are low density parity check codes, and
column weightings of check matrixes thereof are used for the
degrees of importance.

3. The data transmission system according to claim 2,
wherein information bits from among the coded bits have a
greater degree of importance than parity bits among the code
bits.
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4. The data transmission system according to any one of
claims 1, 2, or 3, wherein the multilevel modulation system
transmits two or more bits of the imn-phase components or
quadrature components of the modulation symbol.

5. A data transmission method in which coded bits are
mapped onto a modulation symbol by a multilevel modula-
tion system and are then transmitted, wherein:

the coded bits are mapped onto specific bit positions on the
modulation symbol 1n accordance with the degree of
importance of the coded bits;

the coded bits that have a higher degree of importance are
mapped onto bit positions of the modulation symbol
where 1t 1s difficult for an error to occur; and

the bit positions where 1t 1s difficult for an error to occur are
obtained as being those bit positions where there 1s a
higher probability of obtaining a longer least squares
distance, 1 a constellation diagram of the multilevel
modulation system, from a result of a calculation that an
absolute value of the difference between a least squares
distance between a signal point where reception 1s pos-
sible and a signal point having a bit position of 0, and a
least squares distance between a signal point where
reception 1s possible and a signal point having a bit
position of 1 1s calculated for all signal points where
reception 1s possible.

6. The data transmission system according to claim 1,
wherein the bit mapping means has:

means for rearranging the coded bits in order of the greatest
degree of importance; and

means for placing the rearranged coded bits in sequence
from the bit position of the modulation symbol where 1t
1s difficult for an error to occur of the modulation sym-

bol.
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